Quantitative determination of gap junctional permeability in the lens cortex.
We have developed a simple dye transfer method, which allows the gap junction permeability of lens fiber cells to be quantified. Two fixable fluorescent dyes (Lucifer yellow and rhodamine-dextran) were introduced into peripheral lens fiber cells via mechanical damage induced by removing the lens capsule. After a defined incubation period, lenses were fixed, sectioned, and the distribution of the dye recorded using confocal microscopy. Rhodamine-dextran and Lucifer yellow both labeled the extracellular space between fiber cells and the cytoplasm of fiber cells that had been damaged by capsule removal. For the gap junctional permeable dye Lucifer yellow, however, labeling was not confined to the damaged cells and exhibited intercellular diffusion away from the damaged cells. The extent of dye diffusion was quantified by collecting radial dye intensity profiles from the confocal images. Effective diffusion coefficients (D eff) for Lucifer yellow were then calculated by fitting the profiles to a series of model equations, which describe radial diffusion in a sphere. D eff is the combination of dye diffusion through the cytoplasm and through gap junction channels. To calculate the gap junctional permeability (Pj) an estimate of the cytoplasmic diffusion coefficient (Dcyt = 0.7 x 10(-6) cm2/sec) was obtained by observing the time course of dye diffusion in isolated elongated fiber cells loaded with Lucifer yellow via a patch pipette. Using this approach, we have obtained a value for Pj of 31 x 10(-5) cm/sec for fiber-fiber gap junctions. This value is significantly larger than the value of Pj of 4.4 x 10(-6) cm/sec reported by Rae and coworkers for epithelial-fiber junctions (Rae et al., 1996. J. Membrane Biol. 150:89-103), and most likely reflects the high abundance of gap junctions between lens fiber cells.